The SDGs and CitiesIPCC offer an unprecedented opportunity for urban transformation, but bold, integrated action to address the constraints imposed by economic, cultural and political dynamics is needed. We move beyond a narrow, technocentric view and identify five key knowledge pathways to catalyse urban transformation.
W
hile the topic of urban responses to climate change has been on the research agenda for the past two decades 1 , it has only slowly made its way onto the global stage, and is now at a critical juncture. Now proven to be important agents of change globally, cities occupy a central role in societal responses to climate change. The Sustainable Development Goals (SDGs) for climate action (13) and inclusive urban resilience (11) , and the Sendai Framework for Disaster Reduction with its call to "Build Back Better", present a radical departure from business as usual. By recognizing the root drivers of climate risk in unequal and unsustainable development, these initiatives and processes offer an opportunity for action to address deeprooted development challenges.
The IPCC has also begun to move in a positive direction by endorsing the need for a transformative research agenda on cities and climate change in the form of the IPCC Cities and Climate Change initiative (CitiesIPCC). CitiesIPCC represents an unprecedented collaboration between the research community and practitioners, and has great potential to create a transformative agenda. It recognizes the need for research and synthesis across physical, financial and social sectors to catalyse transformation, and the possibility of moving away from the more technocentric approaches that have historically dominated this agenda 2 . Although growing momentum exists to unleash the transformative potential of urban action, the extent to which current practice is able to address root causes and connections among climate change, inequality in emissions, uneven development and vulnerability, is limited 3, 4 . We argue that pursuing a transformative urban agenda for climate change will require innovative work, and efforts that go beyond a relatively technocentric view of research and synthesis. To that end, we need more work that fosters inclusive forms of knowledge that consider the economic, cultural and political aspects of power dynamics. Only then can mitigation and adaptation be approached in ways that can achieve the SDGs. As a way forwards, we identify five key knowledge building blocks that can help move both scholars and practitioners towards more inclusive and effective urban climate change responses.
Political economy and the power to act
Urban transformations depend on who has power to act 5 . Too often, research and planned interventions presume that carbon emissions and risk are merely the result of individual actions, and that better information or the right incentives are the means to induce individuals to adopt appropriate behaviours such as recycling and use of public transport 6 . However, a sole focus on the capacities of individuals is misleading.
Research has demonstrated that patterns of emissions and vulnerability are shaped by decisions around the provision, design, location and operation of transportation, water, drainage, sanitation and housing, in addition to other infrastructure, assets and built environments. 3, 6 . In cities such as Mumbai, India, for instance, elites pushed a wider-scale rollout of electricity infrastructure than they did for water, drainage and sanitation, with the latter distributed along lines of formal development and legal housing 3 . Individual and or community action alone cannot overcome the deep and lasting influence that these decisions have had in heightening the vulnerability of more than half of Mumbai's population 4 . As a result of emphasizing individual behaviour, the mechanisms, processes and policies perpetuating carbon-intensive infrastructure and economies are left unexplored. City dwellers are forced to take incremental, uninformed or misinformed measures to access resources and services, reduce their emissions and protect themselves against floods, heatwaves and other climate hazards. These actions, in turn, produce unequal exposure to hazards, varying capacities to lead healthy lives and differences in access to land, jobs, transport, social networks and family ties.
Such insights suggest that, to be successful, interventions must be grounded in analysis of structural drivers, and differential capacities for change -from global political economies for land markets, urban development models, and infrastructures and services to vested interests, fragmented governance authority and different visions for urban futures. To generate feasible and socially just urban responses, we need research that targets the dynamics of power and political economy at the urban level and examines how they vary within and across urban contexts in the global North and South.
Multilevel governance
Urban transformations are a multilevel, multi-actor phenomenon. Urban governance research has examined the ways that city level responses result from complex interactions between sectors, levels of government and state and non-state actors 1 . For instance, in Lagos, Nigeria, Mexico City, Mexico, New Delhi, India, New York, USA and Santiago, Chile, climate action is constrained by limited, overlapping or uncoordinated authorities governing landuse, transportation and energy from siloed, fragmented and uncoordinated departments (for example, disaster risk management and housing) that span local to national jurisdictions. Potential policies are often disjointed, and fraught with conflict between competing framings and priorities (such as growth on versus protection of mountains, comment coasts, forests and other risk prone-areas), levels of government and diverse actors 1, 7 . Across multiscale networks of actors such as government officials, utilities, developers and grassroots organizations, the uneven distribution of the power to shape and transform cities often dampens the possibilities for transformative climate change responses. It is imperative that we understand how multilevel governance itself may constrain the potential for transformative action, and how some forms of leadership, institutional arrangements, resources and climate change framings can work to create more integrated and effective urban responses. We also need research that supports transformative urban climate action under different local conditions. For example, research has focused on such experiments as the reuse of brownfield land, cooling services and building designs, but more analysis is required to assess their impact and potential diffusion 8 .
Further work is also needed to understand the socio-institutional factors and contexts that favour understanding by some players -including civil society, academia, the private sector and municipal governments -even when their action is resisted or contested. Answers to these questions can support effective and equitable decision-making, impact measurement, and appropriate framing of climate change challenges and solutions.
Socio-material path dependency
Although cities are dynamic, transformative action is constrained by path dependencies resulting from design, technological, investment, planning and construction decisions, and from social inertia generated by norms, customs, routines and habits. Once adopted, infrastructure, low-density urban form, and institutional and social practices become enduring and difficult to change.
For example, aggressive freeway construction programmes worldwide have driven low-density urban form and dependence on private vehicles, resulting in lower quality of life, higher energy use and increased emissions. Values and social or economic pressures further reinforce these patterns of development.
Shore armouring and hard flood relief structures may abate risk in one place but create risk in others, degrade ecosystems and biodiversity, and often negatively impact or even force the relocation of lowincome residents. 9 . Risk-amplifying path dependencies, such as those created by trans-basin diversions to support urban water supplies, can persist for decades, if not centuries. To overcome self-imposed limitations and to avoid new decisions that embed vulnerability and high carbon lifestyles into urban futures, any agenda aimed at transformative action needs a sound analysis and synthesis of how path dependencies, springing from social, economic and political roots, constrain change.
Scales of processes, impacts and actions
As carbon footprints and risk of harm to people, infrastructure and ecosystems are driven by multiscale processes, impacts and actions, the possibilities for transformation lie both inside and outside the city. For example, food riots across African cities in 2007-2008 followed environmental shocks and market speculation. Similarly, the impacts of Hurricane Sandy on New York's food supply in 2012 demonstrated the extent to which food supply chains have become global 10, 11 . Disruptions in globalized supply chains have resulted in food shelves lying empty for days and exposed vulnerabilities in urban food systems 11 . Cities spend a significant proportion of the global carbon budget 12 by serving as centres of consumption. This is particularly true for energy-and resource-intensive materials such as steel, cement and plastic -as well as for GHG emission-intensive food, such as meat and dairy. The rapidly shifting profiles of consumption in the global economy vary greatly between rich and poor, urban, sub-and peri-urban and rural, and global North and global South, in ways that have profound implications for the distribution of rights and responsibilities related to global climate action. At the same time, unequal access to the global economy can dramatically shape differential exposures and vulnerabilities of urban residents to climate impacts.
Understanding this landscape will be vital to the formulation of effective and just urban responses to climate change. Any such understanding must attend to how urban security can be realized for some in one place without negatively affecting other places and future generations. It will also demand knowledge of how specific adaptation and mitigation responses intersect, creating trade-offs among emissions, risk reduction and development priorities.
Cultures and identities
Urban transformation requires diverse cultural norms and identities to be engaged. Values, beliefs, interests and world-views shape personal narratives and political discourse about climate, cities and society. They underpin the framings, priorities and blind spots at the heart of action, as well as the counternarratives, skepticism and denialism at the heart of inaction 13 .
Within dominant urban planning discourse, resilience is often seen through a technological lens that identifies physical infrastructure as the primary focus for reducing risk 4 , whereas socio-institutional relations are omitted, and the voices of dissenting groups, women, indigenous communities, minorities and the poor are marginalized in decision-making processes 14 .
In the final cut, some relationships are overlooked although they also are a vital source of urban sustainability and resilience. There is a pressing need to engage with the diversity of everyday lives. Whether differences in values, assumptions and views are visible or hidden, they will, ultimately, come to bear on the effectiveness and fairness of climate change responses.
Major efforts are under way around the world to record indigenous voices on the impacts of climate change, including resistances to colonial frameworks of action 15 . This provides a unique opportunity to accommodate alternative ways of thinking, and prioritize questions of justice on climate action. The chance must be seized on.
realizing transformative potential
Global assessments, such as those undertaken by the IPCC, have to balance rigorous evidence with insight into the full range of options for action. As analyses from social science, arts and humanities become more commonplace in IPCC reviews, both understanding and options expand further. This is particularly true in the context of a complex urban reality in which more than one explanation can be offered for individual events, challenging the scientific community to deal with conflicting narratives. Moreover, with respect to urban transformation, science itself will not reduce uncertainty (as is the aim of multiple climate models) but is more likely to increase it by surfacing a broader array of often contrasting and incompatible understandings in need of elicitation and synthesis 16 . Blending such a diversity of knowledge within the institutional architecture of the IPCC, the New Urban Agenda, the targets and indicators in the SDGs and the Sendai Framework will require an emphasis on context and analytical positionality. Furthermore, with such diversity of urban form, political context and historical experience, the IPCC will be challenged to draw together multiple threads of knowledge in a way that maximizes utility for readers. To do so, it must more effectively and inclusively incorporate multiple forms of knowledge and methodology from the arts, humanities, practitioners and comment local communities everywhere. It must also understand and confront pathdependencies, political economy, multilevel governance dynamics, interpersonal and political power systems, and the multiscalar dimensions of the root causes of climate change, impacts and actions.
An urgent research priority is to ensure that multiple forms of knowledge are included as legitimate and equal from the beginning and throughout the research and synthesis process 13 . This can be achieved by appointing social scientists and specialists in the humanities in research and synthesis efforts, and giving them equal power and resources to co-develop new, or modify existing research and synthesis methodologies. For such an effort to succeed, the IPCC must acknowledge and provide equal validity and importance to context-relevant, qualitative knowledge. While we understand the challenge that such broad-based integration entails, it will be essential to help cities realize their urban transformative potential. The IPCC must face these challenges and embrace the opportunity that this crucial moment provides to open up its agenda to these critical voices and concerns. ❐
Action pathways for transforming cities
Transformation is required for cities to fulfil their leadership potential on climate change. Five action pathways can guide them: integrate mitigation and adaptation; coordinate risk reduction and climate adaptation; cogenerate risk information; focus on disadvantaged populations; and improve governance and knowledge networks.
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T he term 'transformation' is invoked to describe what cities must do to simultaneously improve climate resiliency and achieve the positive effects of low-carbon sustainable development. It is used by climate change science-practicepolicymaker communities to motivate the rapid mitigation of GHG emissions, as well as to herald large and disruptive changes in the structure and function of urban physical, ecological and social systems [1] [2] [3] . Cities simply will not be able to confront these challenges and lead the way in mitigating climate change without transformation 4 . Environmental history reveals that cities have long addressed their environmental challenges via a series of quasi-equilibrium states, punctuated by what could be called transformative periods that respond to specific stresses and crises within the city. The capacity for change when environmental stresses arise has been present within cities across many different socio-economic contexts and time periods. Examples include water supply provision in New York in the 1830s, the installation of sewers in London in the 1850s and the development of rapid bus transit in Curitiba the 1970s.
Even so, the concept of transformation is contested. In the past, many of the changes have been reactive to local crises and often resulted in inequitably distributed benefits and costs. Moreover, the term itself has been increasingly debated as something rooted in the culture and formulations of the Global North, and not directly applicable to the contexts of cities in the Global South 5, 6 . The science of urban climate transformation must be coupled with a narrative of fundamental change that can be embedded in all cultures and communities.
Both a condition and a process
Transformation is both a 'state' and a 'process' . Recent work on transformative adaptation has depicted a set of states, namely, collapse, resistance, resilience and transformation (Fig. 1)   1 . The context for climate change responses in each city includes an interactive set of enabling conditions such as financing, governance capacity and social norms and practices, as well as a broader set of physical (for example, coastal sites, water scarcity) and human (poverty level, consumption demand, population growth) limits. Cities can proceed through these states in either direction: backwards, from resistance to collapse (for example, the overtopping of a sea wall if sea-level rise pushes coastal flooding above historical elevations) or forwards, from resistance to resilience (for example, as restored coastal wetlands replace sea walls to absorb rather than merely withstand floodwater). City-level adaptation can also proceed in a non-linear fashion, leap-frogging to one sphere over another, such as moving from resistant sea walls to
